Background Readmissions after total joint arthroplasty have become a key quality measure in elective surgery in the United States. The Affordable Care Act includes the Hospital Readmission Reduction Program, which calls for reduced payments to hospitals with excessive readmissions. This policy uses a method to determine excess readmission ratios and calculate readmission payment adjustments to hospitals, however, it is unclear whether readmission rates are an effective quality metric. The reasons or conditions associated with readmission after elective THA have been well established but the extent to which readmissions can be prevented after THA remains unclear. Questions/purposes (1) Are unplanned readmissions after THA associated with orthopaedic or medical causes? (2) Are these readmissions preventable? (3) When during the course of aftercare are orthopaedic versus medical readmissions more likely to occur? Methods We retrospectively evaluated all 1096 elective THAs for osteoarthritis performed between January 1, 2011 and June 30, 2014 at a major academic medical center. Of those, 69 patients (6%) who met inclusion criteria were readmitted in our healthcare system within 90 days of discharge after the index procedure during the study period. Fifty patients were readmitted within 30 days of discharge after the index procedure (5%). We defined a readmission as any unplanned inpatient or observation status admission to the hospital spanning at least one midnight. A panel of physicians not involved in the care of these patients used available criteria and existing consensus guidelines to evaluate the medical records, radiographs, and operative reports to identify whether the underlying reason for readmission was orthopaedic versus medical. They subsequently were classified as either nonpreventable or potentially preventable readmissions, based on any care that may have occurred during the index hospitalization. To make such determinations, consensus specialty society guidelines were used whenever possible for each readmission diagnosis. Results A total of 50 of 1096 patients (5% of those who underwent THA during the period in question) were readmitted within 30 days and 69 of 1096 (6%) were readmitted within 90 days of their index procedures. Thirty-one patients were readmitted for orthopaedic reasons (31/69; 45%) and 38 of 69 were readmitted for medical reasons (55%). Three readmissions (three of 69; 4%) were identified as potentially preventable. Of these potentially preventable readmissions, Each author certifies that he, or a member of his immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Each author certifies that his institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. 
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Background Readmissions after total joint arthroplasty have become a key quality measure in elective surgery in the United States. The Affordable Care Act includes the Hospital Readmission Reduction Program, which calls for reduced payments to hospitals with excessive readmissions. This policy uses a method to determine excess readmission ratios and calculate readmission payment adjustments to hospitals, however, it is unclear whether readmission rates are an effective quality metric. The reasons or conditions associated with readmission after elective THA have been well established but the extent to which readmissions can be prevented after THA remains unclear. Questions/purposes (1) Are unplanned readmissions after THA associated with orthopaedic or medical causes? (2) Are these readmissions preventable? (3) When during the course of aftercare are orthopaedic versus medical readmissions more likely to occur? Methods We retrospectively evaluated all 1096 elective THAs for osteoarthritis performed between January 1, 2011 and June 30, 2014 at a major academic medical center. Of those, 69 patients (6%) who met inclusion criteria were readmitted in our healthcare system within 90 days of discharge after the index procedure during the study period. Fifty patients were readmitted within 30 days of discharge after the index procedure (5%). We defined a readmission as any unplanned inpatient or observation status admission to the hospital spanning at least one midnight. A panel of physicians not involved in the care of these patients used available criteria and existing consensus guidelines to evaluate the medical records, radiographs, and operative reports to identify whether the underlying reason for readmission was orthopaedic versus medical. They subsequently were classified as either nonpreventable or potentially preventable readmissions, based on any care that may have occurred during the index hospitalization. To make such determinations, consensus specialty society guidelines were used whenever possible for each readmission diagnosis. Results A total of 50 of 1096 patients (5% of those who underwent THA during the period in question) were readmitted within 30 days and 69 of 1096 (6%) were readmitted within 90 days of their index procedures. Thirty-one patients were readmitted for orthopaedic reasons (31/69; 45%) and 38 of 69 were readmitted for medical reasons (55%). Three readmissions (three of 69; 4%) were identified as potentially preventable. Of these potentially preventable readmissions, one was orthopaedic (hip dislocation) and two were medical. Thirty-day readmissions were more likely to be orthopaedic than 90-day readmissions (odds ratio, 4.06; 95% CI, 1.18-13.96; p = 0.026). Conclusions Using a panel of expert reviewers, available existing criteria, and consensus methodology, it appears only a small percentage of readmissions after THA are potentially preventable. Orthopaedic readmissions occur earlier during the postoperative course. Currently, existing policies and readmission penalties may not serve as valuable external quality metrics. The readmission rates in our study may represent the threshold for expected readmission rates after THA. Future studies should enroll larger numbers of patients and have independent review panels in efforts to refine criteria for what constitutes preventable readmissions. Level of Evidence Level III, therapeutic study
Introduction
Owing to the Patient Protection and Affordable Care Act, healthcare systems have been under increased scrutiny to provide value-based care [9] . The increasing number of THAs performed in the United States has created substantial expense across the US healthcare system. Consequently, healthcare payers are currently exploring and using cost-saving avenues associated with this widely used procedure. Specifically, the Centers for Medicare and Medicaid Services have begun focusing on 30-day hospital readmissions as a quality measure by instituting payment adjustment policies for readmissions [14, 29, 41, 47] .
Thirty-day readmissions after THA have been reported to occur in 4% and 11% of patients [6, 10, 20, 22, 31, 32, 48, 50, 61] . Considerable efforts have been devoted toward identifying patient-specific factors associated with readmission after THA. Well-established factors associated with readmission after THA include increased age, sex (men are more likely to be readmitted than women), obesity, increasing length of hospital stay, revision surgery, and decreased distance to the hospital [3, 24, 52, 60, 64] . Racial and socioeconomic disparities in readmission rates are currently being investigated [40] . Incentives to reduce readmissions after THA may indirectly decrease access to care for patients with these risk factors; it has been suggested that these patients may be denied care by certain hospital systems attempting to control costs [64] . It would be especially relevant, therefore, to identify the actual etiology of the readmission and whether aspects of patient care during the index hospitalization could be modified to prevent such readmissions.
Furthermore, some authors have called into question the appropriateness of readmission rate as a standalone measurement of quality [18, 36] . In an increasingly restricted payer environment, we sought to determine whether readmissions after THA were potentially preventable through any intervention that could have been performed during the index hospitalization for THA.
Accordingly, we designed a study to answer the following questions: (1) Are unplanned readmissions after THA associated with orthopaedic or medical causes? (2) Are these readmissions potentially preventable? (3) When during the course of aftercare are orthopaedic and medical readmissions more likely to occur?
Materials and Methods
After institutional review board approval, a quality database at a single major academic healthcare institution was queried. We retrospectively evaluated all 1096 elective THAs for osteoarthritis performed between January 1, 2011 and June 30, 2014 at University Hospitals, Cleveland Medical Center. Search criteria were performed according to International Classification of Diseases, 9
th Revision (ICD-9) and Diagnosis-related Group (DRG) codes (Fig. 1) . Records of the patients who were readmitted to our healthcare system within 30 and 90 days from the index procedure were analyzed in detail. Patients undergoing revision arthroplasty or bilateral primary THAs were excluded, as were those performed by surgeons not fellowship trained in total joint arthroplasty. Other exclusion criteria were patients who were younger than 25 years at the time of surgery and patients who received THA for fracture. All surgeries were performed by one of five highvolume, fellowship-trained arthroplasty surgeons.
All patients underwent methicillin-resistant and sensitive Staphylococcus aureus (MRSA/MSSA) screening and prevention and a formal preoperative evaluation by the department of anesthesia and perioperative medicine. MRSA and MSSA screening involved patients swabbing a saline moistened swab in both nares and rubbing on the septum. Each swab was sent to the microbiology laboratory and cultured for Staphylococcus aureus. Cultures with positive growth were analyzed for antibiotic sensitivities. Patients who were positive for MRSA or MSSA underwent a standard decolonization treatment protocol consisting of chlorhexidine body wash applied by the patient the day before surgery, and intranasal mupirocin ointment. MRSA and MSSA colonization were present in two of 69 (3%) and 15 of 69 (21%) patients, respectively.
The electronic medical record for each readmission was reviewed by a panel of researchers, including two orthopaedic surgeons and a physician specializing in perioperative medicine. In an effort to control for assessor bias, the members of the research panel were not involved in the original patient care. However, the reviewers were from the same institution as this was deemed necessary to provide complete access to the requisite hospital files and databases; providing an external reviewer unrestricted access to the entire hospital record (inpatient electronic medical record, laboratory data, nursing notes, daily progress notes, anesthesia records, radiographic records) was not deemed to be practical. The complete hospital encounters for the index arthroplasty and the readmission encounter were reviewed. Medical records were reviewed by the research panel and included evaluation of operative reports, physician notes, inpatient vital signs, laboratory values, radiographic imaging, medications, and medical history. We defined a readmission as any unplanned inpatient or observation status admission to the hospital spanning at least one midnight [55] . To determine how readmissions were related to the timing of surgery, readmissions were categorized as 30-or 90-day readmissions based on the timing of readmission and were determined to be of orthopaedic or medical etiology [35] .
Orthopaedic readmissions were defined using criteria adapted from Kurtz et al. [35] , as readmissions stemming from surgeons' decisions or technical errors such as improper prosthesis size or alignment, including periprosthetic fracture, dislocation, or infection. Medical readmissions were defined as readmissions stemming from either medical diagnoses such as myocardial infarction, chest pain, or urinary tract infection or medical decision errors such as unrecognized illness or premature discharge (Table 1) [2] .
Panel members were asked to determine if readmissions were potentially preventable through some intervention that could have occurred during the index hospitalization. A literature search of PubMed, Google Scholar, and Web of Science was performed to identify specialty society guidelines for applicable diagnoses, where available (Appendix 1. Supplemental material is available with the online version of CORR 1 ). The American College of Surgeons National Surgical Quality Improvement Program criteria for postoperative occurrences were used for applicable diagnoses (Appendix 2. Supplemental material is available with the online version of CORR 1 ) [1-3, 7, 15, 23-25, 43, 45, 52-54, 56-58, 60, 63, 64] .
Potentially preventable readmissions therefore were defined as conditions or diagnoses that could have been avoided through some intervention during the index Fig. 1 One thousand ninety-six elective THAs were reviewed at a major academic medical center. Readmissions were reviewed in detail, and categorized as either orthopaedic or medical. hospitalization based on criteria published elsewhere or practice guidelines. Readmissions resulting from fracture were said to be nonpreventable if there was adequate bone stock with appropriate implant sizing and alignment. Hematomas were deemed nonpreventable in cases in which the appropriate intensity of deep vein thrombosis chemoprophylaxis was used; however, the form of prophylaxis for deep vein thrombosis varied among surgeons, and tranexamic acid was not used consistently during this time [38] . Infections were determined to be nonpreventable if the patients received MRSA screening and prevention measures and appropriate prophylactic antibiotics [26, 46] . Dislocations were determined to be nonpreventable if the prosthesis size, alignment, and offset were appropriate on postoperative radiographs [37] . Subsidence was deemed nonpreventable if the implant size and alignment were appropriate on the postoperative radiograph. Given that there are no universal criteria available, subsidence was judged on an individual basis [25] . There were a total of 1096 primary THAs with 119 total readmissions during the study period (11%), with 69 of these readmissions occurring within the first 90 days (6%).
All analyses were performed using SPSS Version 23. 0 software program (IBM Inc, Armonk, NY, USA). All data were analyzed for skewness and kurtosis. Q-Q plots were generated to assess normality in distribution. Descriptive statistics were calculated, and univariate comparisons between categorical variables were performed with Fisher's exact test. Odds ratios were calculated. Agreement between and among reviewers was assessed with the Cohen's Kappa statistic. Significance was set at a probability of 0.05 or less.
Results
Of the 119 total readmissions, 69 met inclusion criteria. There were 31of 69 (45%) readmissions of orthopaedic etiology and 38 of 69 (55%) readmissions of medical etiology among the 90-day readmissions. There was unanimous agreement among reviewers (DSW, VS, GDW). The primary reviewer (DSW) assessed intraobserver reliability with a 2-year period between reviews, and again found unanimous agreement. * The patient was discharged with nonspecific chest pain, presented less than 24 hours later to the emergency department with similar complaints, although was not readmitted at this time; however, 24 days later the patient again presented with chest pain and was readmitted for a full cardiac consultation; the patient was readmitted with a hip dislocation after a technically complex primary THA; component position and fixation were suboptimal; à the patient, who had a history of urinary tract infections, was discharged with subjective dysuria and later readmitted with a urinary tract infection that potentially might have been preventable; F = female; M = male; CHF = congestive heart failure.
We identified three of 69 total (4%) potentially preventable readmissions; one was orthopaedic in etiology (hip dislocation attributable to failure of acetabular component) and two were medical. The hip dislocation was a 30-day readmission after primary THA in a patient in whom the acetabular component positioning and fixation were determined to be suboptimal by the study panel. Among the medical etiologies of preventable readmissions, one patient was readmitted with a urinary tract infection, which potentially could have been detected during the index hospitalization. A second patient was readmitted with chest pain. These readmissions occurred at 9 and 24 days after the index procedures ( Table 2 ). There were 31 of 69 (45%) orthopaedic readmissions. Of these, there were: six periprosthetic fractures (six of 31; 20%), five of which occurred after falls, one after a motor vehicle collision; 16 hematomas (16 of 31; 52%); four infections (four of 31; 13%), four dislocations (four of 31; 13%); and one instance of femoral component subsidence without fracture (one of 31; 3%). A complete summary of the entire readmission data is presented (Table 2 ).
There were 50 readmissions within 30 days (50/69; 72%), and 69 total readmissions within 90 days. Thirty-day readmissions were more likely to be the result of orthopaedic etiology than 90-day readmissions: 52% during first 30 days (26/50) versus 21% during Days 31 to 90 (four of 19; odds ratio, 4.06; 95% CI, 1.18-13.96; p = 0.026).
Discussion
Hospital readmission after total joint arthroplasty has profound implications on patient care and reimbursement patterns [63] . However, there is limited information available to justify whether certain readmissions may be preventable through any intervention that could have occurred during the index hospitalization [13, 59] . Joynt and Jha [28] suggested that readmission rates are a poor marker of hospital performance, as the primary drivers of variability in 30-day readmissions are patient-and community-related. As they explained, such factors are difficult for hospitals or surgeons to change. Under the Affordable Care Act, the current scheme which penalizes hospitals for readmission rates, has the potential to deny access to care to certain individuals or regions where patients are more likely to be readmitted [28] . Existing data fail to establish whether readmissions after THA are in any way indicative of surgeon performance. This raises the question regarding whether readmission rates are a true reflection of quality even when risk-adjusted. Rather, it may be more appropriate to focus on preventable readmissions to minimize cost and permit appropriate access to care during the perioperative period [50] . Therefore, we thought it would be especially pertinent to perform a study that emphasized a detailed review of individual subject records as opposed to large registry data to answer the following questions: (1) Are unplanned readmissions after THA associated with orthopaedic or technical or medical causes? (2) Are these readmissions potentially preventable? (3) When during the course of aftercare are orthopaedic or technical versus medical readmissions more likely to occur?
This study is best interpreted in the context of its limitations. Most importantly, the decision for hospital readmission often can be complex, and it is possible that modifiable or preventable risk factors for readmission might not be evident in the electronic medical record. The panel was tasked with determining whether readmissions were potentially preventable. Although objective specialty society guidelines were used whenever possible, there was a subjective component involved; however, the panel showed unanimous agreement. Another limitation in this and other studies is that we were able to identify only patients readmitted in our own hospital network. As is true with any orthopaedic complication, it is possible that patients were readmitted elsewhere owing to geographic, social, or economic reasons. However, much of what we know about perioperative surgical complications is based on records such as the National Surgical Quality Improvement Program (NSQIP 1 ), the National Inpatient Sample, or other large quality databases [2, 28, 29] . Such databases have been used to report readmission trends with time, which were not analyzed in our study. Some authors have suggested databases provide only moderately reliable information relevant to readmission diagnoses [30] . However, our detailed review of the medical record for each readmission was able to mitigate the shortcoming of large databases. Along those lines, this may raise concern for assessor bias, however, Saucedo et al. [51] suggested that analyses that rely on physician-reviewed diagnoses provide up to 25% more-accurate information than those relying strictly on database coding information. Although it was not possible to have an individual from another institution review the complete medical record, we still suggest that our data are some of the most accurate. Although any review of internal data should raise concern regarding assessor bias, this was mitigated in our study by having research personnel perform data review. Moreover, physicians were not asked to review their own complications and the panel of researchers was not involved in any of the initial patient care. Other limitations include findings restricted to the geographic location of our hospital network. ICD-9 and DRG codes were used to identify patients for inclusion. Tranexamic acid was used inconsistently during the study period, and surgeons used various anticoagulation protocols. Although our study was aimed to identify actions that could have been performed at the index hospitalization, it is unknowable whether any of these actions specifically caused any of the complications-a similar limitation of other outcomes studies.
These data showed that unplanned readmission after THA occurs for orthopaedic and medical reasons. The distinctions for orthopaedic-related readmissions were based on the recent study by Kurtz et al. [35] . They showed a higher prevalence of orthopaedic etiologies in 30-day readmissions and medical etiologies for 90-day readmissions, especially regarding infection. These associations with readmission, regardless of its relevance to the primary THA, result in financial penalties for the surgeon and healthcare system [29] . Bozic et al. [9] performed a comprehensive analysis of episode-of-care payments for total joint arthroplasty and found that postdischarge care accounted for 37% of total episode of payments and may be as much as 81% for unplanned readmissions. Unplanned readmissions within 30 days of a THA may not be reimbursable under many bundled payment models and may contribute to 11% of all postdischarge costs [9] . Bosco et al. [8] and Kiridly et al. [33] concluded that the direct cost of unplanned readmissions averages USD 17,000. They noted that hospital margins would need to be more than 4% for primary THAs to account for the cost of nonreimbursed readmissions. Considerable efforts have been devoted toward establishing risk factors for hospital readmissions, with many institutions establishing and scrutinizing their protocols aimed toward reduction of unplanned readmissions [16, 20, 31, 32, 39, 44, 50, 61, 64] .
We found that very few readmissions potentially could have been prevented by any intervention that might have been performed during the index hospitalization. Of the potentially preventable readmissions we examined, only one patient was determined to have a readmission attributed to orthopaedic etiology. However, it was a technically complex primary THA complicated by acetabular component migration and dislocation resulting from suboptimal alignment and inadequate fixation [5] . To our knowledge, there has been limited research performed on the effect of component position on readmission rate, although suboptimal component position has been linked to instability after THA and eventual reoperation [12, 42, 62] . When dislocation does occur owing to component position, hospital readmission may not occur; many instances of primary dislocation are reduced in the emergency department without formal admission. Although the majority of hospital readmissions in this study were not preventable based on our analysis of their index procedure, hematoma was the most common orthopaedic readmission diagnosis. However, it is again important to note that tranexamic acid was not used consistently during the study period. Jorgenson et al. [27] recently reviewed 557 readmissions after THA or TKA, and found that 6% of readmissions were potentially preventable based on failure to optimize medical risk factors. These findings are in contrast to inpatient readmissions for medical patients, with data suggesting that between 9% and 48% of readmissions were potentially preventable [2, 4] . We agree with other authors [64] who have suggested that further separating the risk factors-and causes-of medical and surgical readmissions are needed. The discrepancy in these readmission rates might be because a total joint arthroplasty is a planned procedure with preoptimized risk factors, as opposed to most medical admissions which occur unexpectedly.
Data from this study suggest that orthopaedic readmissions are more likely to occur earlier during the postoperative course, whereas readmissions of medical etiology are more likely to occur later during the postoperative course. As Joynt and Jha [28] reported, this is especially important in determining the root cause of hospital readmissions to help hospitals and payers allocate associated penalties. These data are in accord with an earlier study that suggested 30-day readmissions may be the more-sensitive measure for establishing readmission benchmark data [11] . Epstein [17] stated that the more time that elapses from the index procedure to the readmission event, the more time that is allowed for a separate, unrelated event to occur that may influence the readmission rate. Zmistowski et al. [64] reported a 90-day readmission rate of 5% and concluded that ''zero tolerance'' events are not easily preventable in this period. A recent meta-review by Ramkumar et al. [50] showed that the overall pooled readmission rate after THA was 6% at 30 days and 8% at 90 days. Similarly, median 30-and 90-day readmission rates are 6% and 11%, respectively, according to the Medicare 100% national hospital claims database [34] . The readmission rate at our institution was slightly lower, although comparable to other high-volume joint replacement centers that have reported 30-day readmission rates between 5% and 6% [16, 20, 31, 32, 39, 44, 50, 61] . Although some authors have reported 30-day readmission rates as low as 2%, most of these results are for carefully selected patients with nonconventional approaches [19] . Furthermore, reviews of major databases such as the NSQIP 1 have suggested 30-day readmission rates are between 4% and 6% nationwide [49] .
However, on the basis of these data, a reasonable conclusion may be that readmission after THA reflects appropriate access to care and penalty thresholds associated with readmission are an overly aggressive policy to reduce the cost of THA. Although some have suggested that readmissions are a false quality measure for hospital performance [21] , we instead argue that such data provide physicians and administrators valuable feedback, albeit on many issues that might be influenced by external factors.
The total cost of hospital care gives insight into how profound the financial consequences of hospital readmission can be [10, 48] . Although this type of analysis suggests that most readmissions after THA are likely not preventable, this information might be useful for internal quality metrics, as hospitals and clinicians strive to optimize their hospital networks. We agree with Joynt and Jha [28] who suggested that since many of the driving factors behind readmissions are region-specific, larger public health initiatives may be necessary. Subjecting hospital networks to external penalties, however, may be a misuse of such data. Calculating risk-adjusted models for orthopaedic-specific factors is an important next step.
This study was intended to determine whether readmissions could be prevented by an intervention during the index hospitalization. As such, the readmission rate of approximately 5% identified in this cohort of patients may represent the threshold or expected rate of readmissions using a conventional, hospital-based arthroplasty service at a major academic medical center. Further reductions in readmissions after THA might be possible through enhanced patient selection, prehospital optimization measures, and enhanced posthospital coordination of care. The study adds to the growing body of evidence suggesting that the existing penalties currently in place for readmissions after THA might not be valid markers of standardized quality. Future studies may consider independent assessment of readmission data on a larger scale, and should especially focus on elimination of perioperative blood loss and appropriate chemoprophylaxis for deep vein thrombosis prevention and efforts to optimize pre-and posthospital care.
